In recent years, partial laryngectomy and partial reconstruction are increasingly intended for conservation of functions of phonation and swallowing. In partial reconstruction, it is important to comprehend morphological characteristics of the blood vessels distributed in the larynx, but there have been only few reports discussing detailed information about them. Previous reports on laryngeal blood vessels have shown that branches of some arteries show remarkable ''meandering''. In the present study, we devised a method for objectively determining the morphological nature, ''meandering'' and assessed functions of the arteries. Intralaryngeal arteries were excised from the larynx of cadavers prepared for practice in anatomy, and images of the ''meandering'' artery were analyzed with NIH Image. The extent of ''meandering'' was expressed mainly as the ratio of the total length of the blood vessel to the distance between the starting point and the end point of meandering. The results showed that there was a significant difference in the extent of meandering between superior posterior and medial posterior branches of superior laryngeal artery. These arteries, which were distributed in the arytenoid region, were found to be of primary importance in partial laryngectomy and partial reconstruction of the larynx.
Distribution of blood vessels in the larynx has been studied in humans (Oki, 1958) , cats (Kimoto, 1960) , dogs (Suzuki, 1965; Peason, 1975; Mihashi et al., 1976) , and rats (Iimura et al., 1988) by means of the excision technique following dye gelatin infusion, the clear sampling method following India ink gelatin infusion, the mold sampling method following resin intra-arterial infusion (Classen and Klaws, 1992) and roentgenography with contrast medium (Delahunty and Fabrikant, 1971; Anthony et al., 1996) . These studies were designed to investigate circulation in total laryngectomy and the subsequent total larynx transplantation. Recently, however, partial laryngectomy and partial reconstruction of the defected site with the perilaryngeal tissue and flap are increasingly intended for conservation of functions (Brasnu et al., 1992; Burgess, 1993; Delaere et al., 1994; Delaere, 1999) . In partial reconstruction, it is assumed to be important to comprehend morphological characteristics of the blood vessels which are running intralaryngeal wall, but there have been only the limited number of the reports discussing the details.
To our knowledge, Oki (1958) , Kimoto (1960) were the first to show the meandering characteristics of the branch of the laryngeal arteries. Oki (1958) has reported that these arteries are the branches distributed in the ary-epiglottic fold and the epiglottis and those distributed in the range of laryngeal part of pharynx in the arytenoid region. The latter branches are the arteries involved with the both gastrointestinal and respiratory tract systems and are assumed to be important for functional reconstruction of the larynx. However, there have no reports discussing the objective evaluation of morphological nature, ''an undulating'' or ''meandering pattern'' of the branches. Therefore, in the present study, we excised human intralaryngeal blood vessels by microanatomy with a stereoscopic microscope, and devised a method of objectively determining the morphological nature of meandering blood vessels.
Materials and Methods
The subjects were 27 sides of female cadavers (aged 55-96 years; mean, 82.3 years) offered for practice in anatomy to Tokyo Medical University. Female's larynxes were used, because of that the female's thyroid cartilage is more soft than male's one and that the female's thyroid cartilage is suitable for the removal without damage to the medial structure of the larynx. One of the 27 sides was embedded in paraffin after decalcification, serial sections were cut, and they were stained with hematoxylin-eosin. In 26 another sides prepared by cutting of the whole larynx in the midline, the superior laryngeal artery was prepared. Under the observation by stereoscopic microscopy the external periosteum of the thyroid cartilage was removed, and the thyroid cartilage was carefully removed as small blocks several millimeters square. Thus, the thyroid cartilage excluding the internal periosteum was removed, and then branches of the intralaryngeal arteries were excised along the superior laryngeal artery. Stereoscopic micrographs of the findings on the excision were recorded as digital images. Particularly, images of the meandering branches were recorded with scaling and printed out at a constant magnification. On the images printed out, ''the total length'' (the route) between the branch points and the end points of the meandering arteries, the distance between the beginning and the end of the meandering, and the maximum amplitude at the meandering site were measured by means of a personal computer, using an image analysis software NIH Image. As for the extent of ''meandering'', we attempted to express it by combining the following 3 parameters: (1) The ratio of ''the total length'' of the meandering artery to ''the distance in a straight line'' between the beginning and end of the meandering artery (a ¼ Route/Distance) as the main coefficient; (2) the number of the sites where the running blood vessels change the direction; and (3) the ratio of amplitude of meandering to the distance in a straight line (b ¼ Amplitude/Distance). In thin tissue sections as well, a relatinship between distribution of the main branches of laryngeal arteries and the peripheral structure of the meandering blood vessels was confirmed ( Fig. 1 ).
Results

Arteries distributed in the larynx
The main blood vessel that was significantly distributed in the larynx was the superior laryngeal artery. A foramen thyroideum was observed in the upper part of the thyroid cartilage in 3 of the 27 sides (96019R, 99050R, and 85061R). In one of them, which was used for preparing tissue sections, Fig. 1 . Computer display of meandering artery using of NIH image. On the images printed out, ''the total length'' (ADCB) between the branch point and the end points of the meandering arteries, ''the distance'' (AB, in a straight line) between the beginning and the end of the meandering, and the maximum amplitude at the meandering site were measured. penetration of the superior laryngeal artery was observed, while such penetration was not observed in two other sides ( Fig. 2) . At 2 of the 26 sides, the major artery distributed inside of the larynx was advancing from the lower edge of thyroid cartilage. The arteries distributed in the upper part of the larynx were also branches of the arteries entering the larynx from the lower margin of the thyroid cartilage. As for the medial thyroid cartilage, the laryngeal wall occupied approximately two-thirds of the anterior part, and the laryngeal part of pharynx, particularly the site distended lateral to this, occupied approximately one-third of the posterior part. The superior laryngeal artery was found to descend between the thyroid cartilage and the laryngeal wall in the vicinity of the boundary between the two-thirds and the one-third of the medial thyroid cartilage ( Figs. 3 and 4 ). 
5) Anteroinferior laryngeal branch (The branch
given off from the artery, which enters the larynx from the lower margin of the thyroid cartilage and anastomosed to a descending branch): It was distributed in the anteroinferior region of the larynx. 6) Posteroinferior laryngeal branch (the branch given off from the artery, which enters the larynx from the lower margin of the thyroid cartilage and is anastomosed to a descending branch): It was distributed in the posteroinferior region of the larynx.
Meandering of blood vessels
Meandering was observed in the superior posterior branch and the medial posterior branch of the superior laryngeal artery. The method of evaluating the meandering using NIH image was applied to these two arteries. The extent of meandering was expressed as a coefficient, i.e., the value (a) obtained by dividing the total length (the route) of the meandering process by the two point distance, as follows: a ¼ Route/Distance, where the minimum was 1 on the basis of the definition of a. When value a was high, the length spent in running the two point route was long, and value a was proportional to the extent of meandering. The number of points of inflexion (the points at which blood vessels turn to the opposite or mostly opposite direction) and the amplitude (the length from one point of inflexion to the adjacent point of inflexion) were assumed to reflect the extent of meandering.
The medial posterior branch showed value a Table 1) .
On 23 sides the ratio of the maximum amplitude of a meandering branch to the two point distance, b (¼ Amplitude/Distance), was compared with a.
The mean b of the medial posterior branch was 1.34 and the mean b of the superior posterior branch was 0.87. The mean b of the medial posterior branch was approximately 1.5 times higher than that of the superior posterior branch, showing the tendency similar to that of value a (Table 2) . Furthermore, the frequency, with which each blood vessel changed the direction, was determined, and it was compared between two kinds of arteries. The mean frequency for the medial posterior branch was 3.7 times, while it was 2.1 times for the superior posterior branch. The frequency of the former was approximately 1.8 times higher than that of the latter. The frequency for the medial posterior branch was 3 times in 46.2% of the 26 sides, and the frequency was 4 and more times in 50.0%. By contrast, the frequency for the superior posterior branch was 2 times in 53.8% of the 26 sides, and there was no case of the frequency of 4 or more times. Thus, the frequency was distinctly higher in the medial posterior branch than in the superior posterior branch (Table 3) .
Therefore, our data objectively showed a prominent meandering of the medial posterior branch of superior laryngeal artery.
Discussion
''Meandering'' or a morphological pattern similar to this has been shown in genital arteries and laryngeal arteries as one of the morphological characteristics of the running course of blood vessels, but no objective indicator of the extent of meandering has been reported. In the present study, we devised the way of the objective determination of the morphological nature ''meandering''. And we analyzed the superior posterior and medial posterior branch of superior laryngeal artery. The present method that we devised is assumed to have The frequency with which the medial posterior branch changed the direction tended to be higher than that for the superior posterior branch.
allowed to some extent the objective determination of the morphological nature ''meandering''. The route-distance ratio is considered to reflect the extent of ''the meandering course'' between the fixed two points, and the determination of the ratio with the frequency, with which blood vessel changes the direction, may show ''the extent of meandering'' more distinctly. The way of measurement which we devised made it possible to compare the degree of meandering, objectively. The ''superior posterior branch'' of the laryngeal artery is distributed in the ary-epiglottic fold and the epiglottis, and the ''medial posterior branch'' is distributed between the posterior surface of the larynx and the anterior surface of the laryngeal part of pharynx, which is adjacent to the posterior surface. Burgess (1993) described that the laryngeal part of pharynx adjacent to the posterior surface of the larynx is a site that is particularly important for partial laryngectomy and partial reconstruction, which aim at conserving functions of phonation and swallowing. Persky et al. (1998) investigated the surgical procedure aimed at functionally conserving the arytenoid region. Both the laryngeal part of pharynx and the arytenoid region show wideranging movements due to up-and-down movements of the larynx, which accompany swallowing.
The laryngeal part of pharynx shows movements of a different nature from that of the posterior wall of the larynx as the wall extends with transmission of foods. The medial posterior branch, which is running at the site lain between two planes of high motility, i.e., posterior surface of the larynx and the anterior surface of the laryngeal part of pharynx, is very meandering. This fact is assumed to have strong accommodation to the characteristics of the perivascular structure. Therefore, in reconstruction of this site, it is important to maintain the loose binding between the anterior wall of the laryngeal part of pharynx and the posterior wall of the larynx and to sustain the mutual mobility. In addition, it seems to be necessary for reconstruction of the site to secure the blood vessels corresponding to the mutual range of motion.
The methods for partial laryngectomy and partial reconstruction, which have been reported to date, are designed to sustain phonation with the healthy vocal fold on the side opposite to the affected side by excising the larynx on the affected side and forming the glottis with the wall and vestibular fold of larynx, which are constructed with the peripheral structure or flap at the site of laryngectomy.
Glottis formation has been experimentally conducted in animals, as follows: Movement of the thyroid cartilage and reconstruction with the mem-brane of piriform recess (Burgess, 1993) ; reconstruction with flaps composed of the lateral pleura and auricular cartilage (Delaere et al., 1994) ; and reconstruction with flaps composed of the lateral pleura and tracheal cartilages (Delaere, 1999) . Some attempts in clinical cases have also been made as follows: Reconstruction with the sternohyoid muscle and the periosteum of the lateral thyroid cartilage (Bailey et al., 1975) ; formation of the wall by pulling-down and fixation of the epiglottis on the affected side (Thawley, 1983) ; and reconstruction with flaps including the arytenoid region (Persky et al., 1998 ). There has also been a method designed for improvement in the function of phonation by pulling-down of the vestibular fold and glottis formation (Brasnu et al., 1992) .
On the other hand, laryngectomy on the affected side, which was described above, has been conducted by the following procedures: In a procedure, the lamina of cricoid cartilage of the posterior wall of the larynx on the affected side is partially excised with the excision of the arytenoid cartilage; in a procedure the lamina of cricoid cartilage is left; and in a procedure the lamina of cricoid cartilage and part of the arytenoid cartilage are left. In every procedure, attention is required to be given to management of the lateral dilated part of the laryngeal part of pharynx, because it is located to cover the posterior arytenoid region of the larynx. It is also noted that the laryngeal artery and the main branches are distributed in the vicinity. The medial posterior branch is distributed not only in the posterior surface of the larynx but in the anterior wall of the laryngeal part of pharynx. The branches are therefore important for conservation of the arytenoid region and the laryngeal part of pharynx. The degree of meandering was deeply connected with the function of the part in which the meandering artery was distributed. The management of the medial posterior branch should be considered for conservation of the functions of the arytenoid region and the laryngeal part of pharynx on partial laryngectomy and partial reconstruction of the larynx.
